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CLAIMS 



We Claim: 

1 . A method oY electroplating a metal onto a surface comprising a field 
5 region and a recessed featnr^ the method comprising : 

a) contacftng said surface with an electroplating solution 
comprising metal ions Jpd an additive; and 

b) applying a cathodic current through said surface, the 
cathodic current being sufficiently small that depletion of metal ions and 

10 >^ ^ additive is absent at horn the field region and the recessed feature, 

/ resulting in substantially conformal electroplating of said surface. 

2. VmethoG of electroplating as in Claim 1 wherein said cathodic 
current is a dc j^urrent injhe range frorJj approximately 0.1 milliamperes per square 

15 centimeter to /p^^roximatily 5 milliamp\res per square centimeter. 
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A itiethod of electroplating Vs in Claim 2 further comprising 
cathodic cuijrent pjilses sim^mposed on said dc cathodic current. 

V V 

4. I ' A ifnethod of electroplating as m Claim 3 wherein said cathodic 
current pulsds early currents in\he range from approximately 25 milliamperes per 
square centirftetei to approximately 250 milliamperes per square centimeter. 



method of electroplating as in Cli^im 3 wherein said cathodic 
current pulses have pulse lengths in the range from approximately 0.5 milliseconds 
to approximately 10 milliseconds. 



6. A method of electroplating as in Claim b wherein said cathodic 
current pulses have a duty cycle in the range from approximately 0.2% to 
30 approximately 10%. 
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7. A method of electroplating as in Claim 2 further comprising 
alternating cathodic and anodic curren'^ pulses superimposed on said dc cathodic 
current. 

8. A method of electroplating as in Claim 7 wherein said current 
pulses carry currents in the range from approximately 25 milliamperes per square 
centimeter to approximately 250 milliamneres per square centimeter. 



10 9. A method of electroplating ds in Claim 7 wherein said current 

pulses have pulse lengths in the rang^-^om Approximately 0.5 milliseconds to 
approximately 10 milliseconds. 

10. A method of electrj^platinfe as iA Claim 7 wherein said cathodic 



1 5 current pulses have a duty cycle p. the r 
approximately 50%. 



anj 



ge from approximately 10% to 



11. A method of electroplating as in Ckim 1 wherein said additive is 
selected from the group consisting of mercaptoproAane sulfonic acid, 
20 dimercaptopropane sulfonic acid, N-N dimethyl ditftiocarbamic acid-3-sulfopropyl- 
ester, polyethylene glycol, polypropylene glycol, poWethylene oxide, 
polypropylene oxide, and copolymers and mixtures thereof. 



12. A method of electroplating a metal onto\a surface comprising a 
25 plurality of recessed features, the method comprising: 

a) contacting said surface with an eldbtroplating solution 
comprising metal ions and an additive for a time Efficient for adsorption of 
said additive onto said surface; 

b) applying a dc cathodic current havink an initial value 
30 through said surface, the initial value such that electmplating occurs 



38 



preferentially on\ottoms of recessed features having the least diffusion- 
accessibility; and 

c) increasing said current from said initial value such that 
electroplating progre|pses to bottoms of features having higher diffusion- 
accessibility. 

13. The method of ^laim 12 wherein said additive comprises at least 
one chemical species that suppresseis electroplating when adsorbed on said surface 
and wherein said additive is transformed upon passage of the dc current through 
said surface so as to lose said electroplating suppressing activity. 



The method of ClainilS wherein said initial value is such that 
adsorbed additive traAsformed by saiffl current is replaced by diffusion of additive 
to a/site of said transfoijnation everywriere except on said bottoms of recessed 
fegftures having the leasAdiffusion-acce^sibility. 
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methoa of Claim 12 Wherein the initial value is between about 
5 milliampereaper square centWeter and increasing said current in 



si ep (c) it increasing said ciWent over a pen\>d of between about 3 and about 60 
seconds /to a maximum dc ciArent of between\about 4 and about 45 miUiamperes 
pdr squire centimeter. 



f 16. A method of electroplating as in ^laim 12 further comprising 
immediately following step b): 

terminating said cathodic current fl^w; 
applying an anodic current pulse; 
terminating said anodic current; and 
resuming cathodic current flow. 
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17. The methodVf Claim 16 wherein the initial value is between about 
3 and about 45 milliampere^per square centimeter and applying a dc current is 
applying a dc current for a ti^e period between about 1 and about 200 
milliseconds. 



18. >Vni^tl\od of eleojroplating as in Claim 12 wherein said additive is 
selected from thjb gtojx^ consisting of mercaptopropane sulfonic acid, 
dimercaptopropiani sulfcJfaic acid, IW-N dimethyl dithiocarbamic acid-3-sulfopropyl- 
ester, polyethyl 5r± glycol, polyproiwlene glycol, polyethylene oxide, 
polypropylene obcide, and copolymer^nd mixtures thereof. 



19. A method offtutigating corrosion of a metal layer on the surface of 
recessed features caused by cont^t of said metal layer with an electroplating 
solution, said method comprising caihqdically polarizing said metal layer with 
respect to said solution. 



20. A mfe 
applied prior to or ik 
metal layer with sai} 




in\^aim 19 wherein said cathodic polarization is 
approximately 5 seconds following contact of said 
plating solution. 



21 . A method of mif^ating corrosion as in claim 19 wherein said 
cathodic polarization of said metk layer is performed by causing a cathodic current 
to flow between said metal layer ana a counter electrode. 

22. A method of mitigating ^rrosion as in Claim 21 wherein said 
cathodic current is in the range from approximately 0. 1 milliamperes per square 
centimeter to approximately 5 milliamperes per square centimeter. 



23. A method of mitigating corrosion akin Claim 20 wherein said 
cathodic polarization of said metal layer is performe^y applying a net cathodic 
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voltage to said metal laj^ with respect to a copper reference electrode in the 
electroplating solution priors^o said metal layer contacting said electroplating 
solution. 

/ 

24. A method of mitigatiiig corrosion as in Claim 23 wherein said 
voltage is approximately -10 millivolts with respect to said reference copper 
electrode in said electroplating solution. 



25. A method of electroplating a metal onto a surface comprising a field 
region and a plurality of recessVi features, the method comprising: 

a) contactin^aid substrate with an electroplating solution 
comprising metal ions and sm additive; 

b) applying a catVodic current through said surface, the 
cathodic current being sufficiently small that depletion of metal ions and 
the additive is absent at both the l^eld region and the recessed features, to 
create a substantially conformal conductive film on said surface; 

c) contacting said surfac^with said electroplating solution for a 
time sufficient for adsorption of said additive onto said surface; 

d) applying a dc cathodic cuVent having an initial value 
through said surface, the initial value such\hat electroplating occurs 
preferentially on bottoms of recessed featureS^having the least diffusion- 
accessibility; and 

e) increasing said current from said initial value such that 
electroplating progresses to bottoms of features ha\^ng higher diffusion- 
accessibility. 



26. The method 
the aspect ratios of all of sai 




:iainr^5 further comprising continuing step (e) until 
rpsessed ifeatures are less than approximately 0.5. 
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27. A method oftelectroplating a metal onto a surface comprising a field 
region and a plurality of recessed features, the method comprising: 

a) depositing a conducting seed layer on said substrate; 

b) cathodically polarizing said seed layer with respect to an 
electroplating solution cotanprising metal ions and an additive prior to or 
less than approximately sVeconds following contact of said seed layer with 
said electroplating solutionX 

c) contacting sai\^ substrate with said electroplating solution; 

d) applying a cathodic current through said surface, the 
cathodic current being sufficieAly small that depletion of metal ions and 
the additive is absent at both thelield region and the recessed features, to 
create a substantially conformal conductive film on said surface; 

^\ contacting said surface with said electroplating solution for a 
time sufficiespt for adsorption of saickadditive onto said surface; 

If) \ applying a dc cathodic\current having an initial value 
throi/gh s^id surface, the initial value such that electroplating occurs 

[ bottoms of recessed features having the least diffiision- 

\ 

l^reasing said current from, said initial value such that 
resses to bottoms of features having higher diffusion- 

\ 

\ ■ 

continuing step (g) until the aspect ratios of all of said 



preferentially < 
accdssibili 




recessafJ] features are less than approximately 0.5; and. 



conformally plating said surface, filling said recessed 



features. 
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28. A method of electroplating as in Claim 27 wRerein said conductive 
film on said surface achieves a thickness of at least approximVtely 500 Angstroms. 



